In 40 patients undergoing surgery for duodenal ulcer, personality was assessed by a PEN Inventory. After operation, the respiratory restoration factor (RRF) was used to indicate the pain relief from nitrous oxide (25%) and i.v. methadone (three doses of 2 mg). There was no correlation between the psychological factors and RRF. Twenty-five per cent nitrous oxide appeared to be equivalent to i.v. methadone 4 mg in terms of RRF. The degree of hypoxia after surgery correlated with vital capacity impairment and the improvement of oxygen tension after analgesia correlated with RRF after methadone 6 mg.
In two previous trials Parbrook, Steel and Dalrymple, 1973) it was observed that personality factors had a significant influence on pain and pulmonary complications following surgery. The neuroticism score of patients correlated significantly with postoperative pain, vital capacity impairment and with the incidence of pulmonary complications after operation. The purpose of this trial was to study the influence of personality and other factors determined before operation, on the degree of analgesia obtained from nitrous oxide and from i.v. methadone, after operation.
PATIENTS AND METHODS
The methods used in this trial were similar to those in the investigations mentioned above. Forty male patients, A.S.A. Grade I or II (American Society of Anesthetists, 1963) , between the ages of 18 and 60 yr undergoing elective duodenal ulcer surgery, were studied.
Preoperative assessment
Before operation, the patients completed a PEN Inventory (Eysenck and Eysenck, 1969) , which is a personality inventory of 78 questions. It provides scores for neuroticism, extroversion and psychoticism, and also a "lie score". After its completion, the patient's vital capacity (mean of three readings) was measured. As nitrous oxide mixtures were to be used, a vitalograph was used in place of a wet spirometer to obviate any slight error from the solubility of the gas in water. A predicted vital capacity for each patient was obtained from tables (Bates, Macklem and Christie, 1971 ) and the percentage deviation of the vital capacity from this value was calculated from the formula:
predicted VC-actual VC predicted VC
Anaesthetic technique
All the patients were premedicated with papaveretum 15-20 mg and hyoscine 0.3-0.4 mg. Anaesthesia was induced with sodium thiopentone 2.5% i.v. followed by suxamethonium to aid endotracheal intubation. Anaesthesia was then maintained with 0.5% halothane in nitrous oxide in oxygen with a muscle relaxant (tubocurarine or pancuronium) being given i.v. Papaveretum 15-20 mg was prescribed for analgesia after surgery and was given by the nursing staff, depending upon complaints of pain by the patient.
Postoperative assessment
After operation vital capacity measurements were made at a time as close to 24 h as possible but, to avoid any bias, not until at least 4 h after the administration of any postoperative analgesic or a visit from a physiotherapist.
Nitrous oxide (25%) in oxygen was administered using a special pilot's mask with non-rebreathing valves as described by Parbrook (1966) . After 15 min the mask was removed and within 30 s a repeat vital capacity measurement was made.
The patient was allowed to rest for 45 min, a blood sample was taken from the radial artery for gas analysis, and methadone 2 mg was given i.v. through an indwelling needle. Twenty minutes later a repeat vital capacity measurement was made. Two further increments of methadone 2 mg were administered, thus giving a total dose of 6 mg. Twenty minutes after each injection a repeat determination of vital capacity was made. Five minutes after the last vital capacity measurement, a blood sample was taken from the radial artery for gas analysis. All samples were analysed for Po 2 , Pco 2 and pH. From the vital capacity results the percentage impairment of the vital capacity after operation was obtained and the respiratory restoration factor (RRF) was calculated using the formula (Bromage, 1955) :
analgesic VC-pain VC xlOO% preoperative VC-pain VC Thus four RRF values were obtained, the first when the patient was receiving 25% nitrous oxide, and the second, third and fourth following the injection of 2 nig, 4 mg and 6 mg of methadone, respectively.
RESULTS
Forty male patients participated in this trial, eight having the operation of highly selective vagotomy, three having a simple vagotomy and gastroenterostomy, and 29 vagotomy and pyloroplasty. All patients were within 10% of optimum body weight (Harrison, 1971) . Thirteen patients had abdominal drains, and 16 had nasogastric tubes. .
Each of the 21 variable factors (table I) was correlated with each of the other variables. As there were many non-significant correlation coefficients, only the significant findings and the more important non-significant findings will be presented.
Personality factors
None of the personality factors analysed (neuroticism, lie or extroversion factors) showed any significant correlations with the respiratory restoration factors (table II) . The psychoticism scores showed the normal marked asymmetry of results and patients with a P-score of 4 and over had a higher mean neuroticism score (P<0.05) but no difference in RRF. In this series the expected simple correlation between neuroticism and postoperative impairment of vital capacity was not found, but a combined analysis of this and previous studies Parbrook, Steel and Dalrymple, 1973) showed a complex interrelationship which will be described in a further paper.
Postoperative factors
After operation, the vital capacity and the percentage vital capacity impairment snowed a highly significant correlation with the postoperative Pa Oa . No such relationship could be detected with the postoperative Pa C02 (table III) .
An increase in Pa O2 was found after the administration of analgesia and was significantly related to the respiratory restoration factor after methadone 6 mg (table III), but there was no relationship between RRF and changes in Pa COi . Pa COl! increased significantly after methadone 6 mg but the greatest Pa COi was only 42 mm Hg. The correlation coefficients for the RRF for nitrous oxide and various doses of methadone (table IV) showed a high degree of interrelationship between these treatments. Small increases in vital capacity after 2 mg of the narcotic were associated with similar small increases for each increment of dosage. Nitrous oxide 25% appeared to (table  V) , and inferior to 6 mg but superior to 2 mg.
DISCUSSION
Personality factors did not appear to affect the response of these patients to postoperative analgesia with either i.v. methadone or nitrous oxide. The trial confirmed other studies that hypoxaemia following surgery is present in patients after anaesthesia (Nunn and Payne, 1962) , particularly after upper abdominal surgery (Diament and Palmer, 1966 hypoxaemia following operation, Spence and Alexander (1972) suggested that a reduction of functional residual capacity was an important factor. Our own studies showed a marked interrelationship between the degree of vital capacity improvement after analgesia, as measured by RRF and the concurrent improvement in arterial oxygenation. There-.fore the postoperative hypoxaemia appeared to be related to the impairment of vital capacity and the results may be attributable to underlying changes in functional residual capacity. Regardless of the mechanism of hypoxaemia, the interrelationship between RRF and improvement in Po 2 indicates the importance of adequate analgesia in the period following surgery.
Pa C02 increased significantly after narcotic analgesia, the highest reading being 42 mm Hg. As most patients tended to be hypocarbic after operation the increase in Pa C02 after narcotic analgesia may have been beneficial, but the improvement of oxygen tension is clearly of greater importance.
Nitrous oxide in oxygen may be used in the treatment of pain following surgery, especially before chest physiotherapy. In this series of 40 patients, 25% nitrous oxide appeared to be equipotent in analgesic effect to about 4 mg of methadone i.v. When nitrous oxide was used in conjunction with i.m. narcotics, greater improvement in postoperative vital capacity was obtained (Parbrook, 1966) , and further studies of the concurrent use of nitrous oxide and an i.v. narcotic may be justified in patients with severe pain after operation.
Muneyuki and his colleagues (1968) suggested that, after operation, pethidine increased the shunt effect and reduced Pa Ol . However, in their studies Pa 0]! was measured about 5 min after the vital capacity had been recorded. The difference between their results and ours could be explained by the different techniques and timing of the results. We believe that it emphasizes the importance of encouraging patients to take a deep breath and to ventilate adequately after receiving postoperative analgesia.
This trial showed the expected variations in patient susceptibility to analgesia after surgery, as measured by RRF. It was interesting that patients who have a small RRF with a small dose of i.v. narcotic continue to have similar small increases with incremental doses. These patients obviously require special attention after operation and incremental doses of i.v. narcotics seems a reasonable method of treatment, the dose being increased with caution until the patient's subjective pain response appears adequate and his vital capacity improves towards its value before operation.
In conclusion, this trial showed that personality factors did not influence the degree of pain relief from either nitrous oxide or methadone. It was found, however, that the degree of postoperative hypoxaemia was related to the degree of vital capacity impairment and that an analgesic technique associated with deep breathing in the form of repeated vital capacity readings could reduce this degree of hypoxaemia. equivalente a metadona 4 mg i.v. en terminos del FRR. El grado de hipoxia tras la intervencion se correspondio con disminucion de la capacidad vital, y la mejora en la tension de oxlgeno tras la analgesia se correlaciono con el FRR tras 6 mg de metadona.
EVALUATION DE LA PERSONNALITE ET ANALGESIE POST-OPERATOIRE

